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BEAIVIFORMER FOR PHASE ABERRATION 
CORRECTION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to ultrasonic diagnostic imaging, 
and more particularly, to an imaging system beamformer 
having a cascade structure that provides improved phase 
aberration delay correction. 

2. Description of Related Art 
Ultrasonic imaging techniques are commonly used to 

produce two-dimensional diagnostic images of internal fea 
tures of an object, such as a human anatomy. A diagnostic 
ultrasonic imaging system for medical use forms images of 
internal tissues of a human body by electrically exciting an 
acoustic transducer element or an array of acoustic trans 
ducer elements to generate short ultrasonic pulses that travel 
into the body. The ultrasonic pulses produce echoes as they 
re?ect off of body tissues that appear as discontinuities or 
impedance changes to the propagating ultrasonic pulses. 
These echoes return to the transducer, and are converted 
back into electrical signals that are ampli?ed and decoded to 
produce a cross-sectional image of the tissues. These ultra 
sonic imaging systems are of signi?cant importance to the 
medical ?eld by providing physicians with real-time, high 
resolution images of the internal features of a human 
anatomy without resort to more invasive exploratory tech 
niques, such as surgery. 
The acoustic transducer which radiates the ultrasonic 

pulses typically comprises a piezoelectric element or matrix 
of piezoelectric elements. As known in the art, a piezoelec 
tric element deforms upon application of an electrical signal 
to produce the ultrasonic pulses. In a similar manner, the 
received echoes cause the piezoelectric element to deform 
and generate the corresponding electrical signal. The acous 
tic transducer is often packaged within a handheld device 
that allows the physician substantial freedom to manipulate 
the transducer easily over a desired area of interest. The 
transducer can then be electrically connected via a cable to 
a central control device that generates and processes the 
electrical signals. In turn, the control device transmits the 
image information to a real-time viewing device, such as a 
video display terminal (VDT). The image information may 
also be stored to enable other physicians to view the diag 
nostic images at a later date. 

In one particular method of ultrasonic imaging, referred to 
as Phased Array Sector Scanning (PASS), the transducer 
comprises an array of piezoelectric elements that are indi 
vidually driven by separate electrical signals. By controlling 
the phase and amplitude of the signals, the ultrasonic wave 
produced by the piezoelectric elements can be focused, or 
steered, to a single point. The received echoes from the 
individual ultrasonic waves are then summed together and 
processed in a manner that yields a net signal characterizing 
the single point, a process referred to as beamforrning. The 
imaging operation can be repeated to collect information 
from a series of points along a scan line. A plurality of such 
scan lines would provide a sector scan of an entire region of 
interest. 
An important assumption of the beamforrning process is 

that the acoustic velocity within the human tissues is a 
constant (generally a value of 1,540 meters per second (m/s) 
is used). In reality, however, the acoustic velocity varies 
substantially since the human body is composed of inho 
mogeneous layers of different tissue types, such as subcu 
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2 
taneous fat, muscle and bone. Moreover, the tissue bound 
aries are substantially non-uniform, having ridges and 
bumps of varying thicknesses, densities, and acoustic veloci 
ties. For example, the propagation velocity of an ultrasonic 
wave varies from approximately 1,470 m/s in fat, to greater 
than 1,600 m/s in muscle and nervous tissue, to as much as 
3,700 m/s in bone. These aberrations in the tissues slow 
down or speed up the acoustic waves emanating from certain 
elements in the transducer array such that the signals cor 
responding to the delayed waves do not have the desired 
phase when summed with the other signals during beam 
forming. As a result of this phase aberration, various types 
of ultrasound image anomalies can be experienced, includ 
ing image artifacts, range shifts, geometric distortions, 
broadening of the transducer beam pattern which degrades 
lateral resolution, and increased side lobes which reduce the 
contrast resolution of the image. These various anomaly 
types tend to be especially prevalent and degrading in 
certain tissue imaging operations in which a relatively large 
degree of inhomogeneities exist, such as abdominal, tran 
scranial and breast imaging. 

Various methods have been proposed to correct for the 
undesirable phase aberration. One such method is disclosed 
in US. Pat. No. 5,172,343, to O’Donnell for ABERRATION 
CORRECTION USING BEAM DATA FROM A PHASED 
ARRAY ULTRASONIC SCANNER. O’Donnell discloses a 
system for phase aberration correction in which the phase 
delay error between each transducer element and the nearest 
adjacent transducer element is estimated by cross-correlat 
ing the signals from these two elements. A correction delay 
is supplied to each particular element based on a sum total 
of all the estimated delays between that element and a 
reference element (such as the ?rst element of the array). 
A signi?cant drawback of the O’Donnell system is that 

dead or weak transducer elements tend to degrade perfor 
mance of the entire system, since errors in phase estimation 
are accumulated across all the elements of the array. This 
accumulation of errors ultimately causes inaccuracies in the 
signal phase pro?le. It is possible to detect the dead or weak 
elements and remove their deleterious effects, or to mitigate 
the overall accumulation of errors by iteratively de?ning the 
phase pro?le over several consecutive pulse repetitions. 
Nevertheless, these corrective measures substantially 
increase the magnitude of signal processing with a resulting 
decrease in imaging speed. 

Another phase aberration correction system is disclosed in 
US. Pat. No. 5,331,964, to Trahey et al. for ULTRASONIC 
PHASED ARRAY IMAGING SYSTEM WITH HIGH 
SPEED ADAPTIVE PROCESSING USING SELECTED 
ELEMENTS. Trahey discloses a system in which the phase 
error of a particular element (or group of elements) is 
estimated by maximizing the brightness of a signal formed 
by adding the signal from this element to a signal from a 
reference element (or group of elements). While this tech 
nique tends to be more robust in terms of differentiating 
noise and weak signals, it requires a complex and thus 
expensive parallel implementation in order to provide com 
mercially acceptable imaging speed. Also, this technique 
requires that some acoustic signals be used to measure the 
phase aberration, and other acoustic signals be used to form 
the image, which tends to decrease the imaging speed. 

Accordingly, a critical need exists for a phase aberration 
correction method and apparatus for use with an ultrasonic 
phased array sector scanning system that is capable of 
overcoming these de?ciencies of the prior art. Speci?cally, 
such a phase aberration correction method and apparatus 
should be able to limit the accumulative eifect of localized 
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defects or errors within the transducer array, and should be 
capable of parallel implementation with minimal complexity 
or impact upon imaging speed. 

SUMMARY OF THE INVENTION 

In accordance with the teachings of this invention, an 
ultrasonic imaging system is provided that effectively cor~ 
rects for phased array sector scanning phase aberrations due 
to imaging through inhomogeneous tissue layers. 
The ultrasonic imaging system comprises a transducer 

array having a plurality of transducer elements each being 
separately operable to provide an ultrasonic pulse in 
response to a driving signal and to provide a corresponding 
echo signal in response to a received echo based on the 
ultrasonic pulse. A transmitter is coupled to the transducer 
array and provides the driving signal to each respective one 
of the transducer elements. The driving signals de?ne a 
steered beam of the transducer array. A receiver is coupled 
to the transducer array and receives the echo signal from 
each respective one of the transducer elements. The receiver 
includes a beamformer section that produces a single 
matched and summed signal from the echo signals of the 
plurality of transducer elements. 
More particularly, the beamformer section comprises a 

plurality of separate processing modules coupled in a cas 
cading arrangement within separate processing stages. A 
?rst processing stage receives input signals that comprise the 
echo signals from the transducer elements and at least one 
subsequent stage receives input signals that comprise 
matched and summed signals from the processing modules 
of a previous stage. The processing modules each set the 
phase of all input signals equal. The input signals with 
matching phase are then coherently summed to provide a 
local matched and summed signal. The local matched and 
summed signals from a plurality of processing modules of 
the ?rst processing stage are processed by processing mod 
ules of subsequent processing stages. Phase matching may 
be accomplished using adaptively controlled delays or ?l 
ters, controlled by the output of a cross-correlation, 
CORDIC, or minimum sum-absolute-difference (MSAD) 
processor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of an ultrasonic imaging system 
having the beamformer for phase aberration correction of 
this invention; 

FIG. 2 is a block diagram of a beamformer processing 
module within a receiver of the ultrasonic imaging system; 
and 

FIG. 3 is a block diagram of a plurality of beamformer 
processing modules coupled in a cascading arrangement. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

This invention satis?es the critical need for a phase 
aberration correction method and apparatus for use with an 
ultrasonic phased array sector scanning system. The phase 
aberration correction method and apparatus limits the accu 
mulative e?ect of localized defects or errors within the 
transducer array, and permits parallel implementation with 
minimal complexity or impact upon imaging speed. In the 
detailed description that follows, like element numerals are 
used to describe like elements of one or more of the ?gures. 
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4 
Referring ?rst to FIG. 1, a block diagram of an exemplary 

ultrasonic imaging system is provided. The ultrasonic imag 
ing system includes a transducer array 12 comprised of a 
plurality of separately driven transducer elements 14. The 
transducer array 12 may comprise either a one-dimensional 
array having a plurality of linearly disposed transducer 
elements 14, or a two-dimensional array in which the 
transducer elements are disposed in a matrix. In either 
con?guration, the transducer elements 14 produce acoustic 
pulses when energized by an electrical signal provided by a 
transmitter 16. The acoustic pulses travel through the vari 
ous tissue layers of the patient, and are then re?ected back 
from a region of interest to the transducer elements 14 in the 
form of echo return pulses. The echo return pulses are 
converted by the transducer elements 14 back into electrical 
signals that are routed to a receiver 22. A transmit/receive 
switch 18 controls the ?ow of signals from the transmitter 16 
to the transducer array 12, and from the transducer array to 
the receiver 22. The transmitter 16, receiver 22 and transmit] 
receive switch 18 are operated under the control of a central 
controller 24 that is responsive to commands by an operator 
of the ultrasonic imaging system. 
A phased array sector scan is performed by controlling the 

phase of the signals applied by the transmitter 16 to each of 
the elements of the transducer array 12. By imparting a time 
delay to the electrical signal pulses provided to the succes 
sive transducer elements 14, the signal pulses cumulatively 
provide a net ultrasonic beam directed at an angle 9 relative 
to a plane of the transducer array 12 toward a desired focal 
point P. Progressive changes to the extent of the relative time 
delays causes the angle 6 to change incrementally, thus 
steering the ultrasonic beam in a desired direction along a 
scan line. 

The echo return pulses from the focal point P differ in 
phase and amplitude due to the differences in the propaga 
tion path travelled by the respective acoustic pulses. The 
receiver 22 ampli?es and demodulates the echo signals, 
imparts an appropriate time delay to each one of the echo 
signals, and sums the delayed echo signals together to 
provide a single beamformed signal that indicates the total 
ultrasonic energy re?ected from the focal point P. The 
receiver 22 typically includes an analog-to-digital converter 
that converts each of the analog echo signals into a series of 
digital values that can be sampled at a predetermined rate. 
The beamfonned signal is then provided to the signal 
processor 26, where it is combined with like beamforrned 
signals from other focal points of the scan lines to assemble 
a complete sector scan image. Finally, the signal processor 
26 converts the plurality of beamformed signals into a data 
format that can be displayed as a graphical image on the 
video display terminal 28. The graphical image data may 
also be stored for later viewing, or printed to a hard-copy 
image. 
The beamformer section of the receiver 22 is illustrated in 

greater detail within FIGS. 2 and 3. FIG. 2 illustrates a single 
processing module 30 for converting a plurality of digital 
sample values of the echo signals from the transducer array 
12 into a single beamforrned signal. The processing module 
30 includes focal delay units 3214, ?lters 34M, phase 
aberration correction (PAC) delay units 3614, and amplitude 
apodization units 42,_,,, arranged in substantially parallel 
processing streams. In the module 30 of FIG. 2, there are 
four identical signal streams, though it should be appreciated 
that any number of streams could be selected. As will be 
understood from the following description, it is advanta 
geous to limit the number of signal streams within a single 
processing module in order to minimize the effect of invalid 
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data on any one of the signal streams with respect to the 
ultimate beamformcd signal. 
The delay units 321_4 apply a pre-determined delay to the 

incoming digital samples for the purpose of focussing the 
echo signals. The magnitudes of the respective delays are 
equal and opposite to the time delays initially provided to 
signals applied to the transducer elements 14 by the trans 
mitter 16. A conventional FIFO (?rst in-?rst out) device can 
be used to provide the delay units 3214. As known in the art, 
a FIFO is a semiconductor memory device into which a 
digital value is successively written to and then read out. The 
amount of delay applied by the FIFO unit is determined by 
the difference between the memory location from which the 
digital sample is currently being supplied and the memory 
location into which the currently received digital sample is 
being stored. The associated time delays are multiples of the 
time intervals between successive ones of the digital 
samples, and the actual time delay will depend on the digital 
sampling rate. 

Since the delayed digital sample values also contain some 
degree of high frequency noise, it is desirable to remove the 
high frequency content before the signals are processed 
further. The ?lters 34M comprise ?nite impulse response 
(FIR) ?lters, or low-pass ?lters, that are tuned to pass the 
difference frequencies supplied by the delay units 321_4 
while blocking the higher frequencies. Various types of 
conventional FIR ?lters can be advantageously utilized as 
the ?lters 34M, e.g., smoothed ?lters, Hannan-Thomas 
?lters, etc. 

After ?ltering, the digital samples on adjacent ones of 
each signal stream are compared by the signal distortion 
estimator units 381_3 to estimate the magnitude of relative 
time delay shift caused by the tissue inhomogeneities. Spe 
ci?cally, the signal distortion estimator units 381_3 perform 
phase dilference estimation between the two signal streams. 
The signal distortion estimator units 381_3 may each com 
prise a sum-absolute-difference (SAD) algorithm. The SAD 
is the sum of absolute differences between corresponding 
digital sample values on adjacent ones of the signal streams. 
The “best match” between the digital samples occurs where 
the SAD value is at a minimum. The SAD technique is used 
to derive an estimation of the time differential between the 
signal streams, which is provided to the PAC delay units 
3624. 
The PAC delay units 361_4 are similar in construction to 

the delay units 3214, and are comprised of conventional 
FIFO devices. The PAC delay unit 361 supplies a delay time 
of ?xed duration. The PAC delay units 362_3 supply a ?xed 
delay to compensate for the output latency of the signal 
distortion estimator units 38”, plus a variable delay depen 
dent upon the time delay deterrnination of the signal distor 
tion estimator units 381_3. The variable delay comprises the 
inverse of the phase difference estimated by the signal 
distortion estimator units 381_3 described above. Following 
this operation, the phase difference between the adjacent 
signal streams is zero. Generally, the time delays provided 
by the PAC delay units 361_4 compensate for the delay errors 
in the respective signal streams caused by the tissue inho 
mogeneities, and permits the delayed signal streams to be 
coherently summed. 
The ?nal step within the processing module 30 is per 

formed by the amplitude apodization units 4214. Amplitude 
apodization refers to multiplying each signal stream by a 
constant value, in order to reduce undesirable sidelobes in 
the beamforrned signal. Signals near the center of the 
transducer array are multiplied by larger values, and signals 
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6 
near the edges of the array are multiplied by smaller values, 
as is well known in the art. The amplitude apodization values 
are calculated based on an assumption that all received 
signals have an equal average value. Because of tissue 
inhomogeneities, some signals may actually have larger 
average values than others. Adaptive amplitude apodization 
may be applied in order to equalize the average values. The 
signal distortion estimator units 381_3 would be used to 
adaptively modify the amplitude apodization at each ele 
ment. The total amplitude apodization, or multiplier value, at 
each element will then be the product of an adaptive part (to 
set the average values of all signals equal) and a precalcu 
lated part (to reduce sidelobes in the beamformed signal). 
After apodizing, the digital samples are coherently summed 
by a summing unit 44 to provide a single matched and 
summed output signal. 

Referring now to FIG. 3, a plurality of processing mod 
ules 30 are coupled together in a cascading structure. The 
cascading structure comprises a plurality of distinct process 
ing stages. A ?rst processing stage includes processing 
modules 30114,, that receive the digital sample values origi 
nating from each of the transducer elements 14. Each one of 
the first stage processing modules 301M,‘ generates an 
output signal that represents a coherent signal sum of the 
respective input values. The output signals of the ?rst stage 
processing modules 301M,‘ are in turn provided to a second 
stage containing processing modules 30214,‘. In sirrrilar 
fashion, the output signals of the second stage processing 
modules 3021_2x are provided to a third stage containing a 
single processing module 303. The ?nal output of the third 
stage processing module 303 comprises the coherent signal 
sum of all previous matched and summed signals, and is the 
?nal beamformed signal representative of the total ultrasonic 
energy re?ected from the focal point P. 

This ?nal beamformed output is provided to the signal 
processor 26 of FIG. 1 for processing into the graphical 
image data. The signal processor 26 may further utilize the 
estimated delay information to construct a delay pro?le that 
characterizes the particular tissue layers under examination. 
The delay pro?le could then be utilized to correct the 
transmit delay times applied by the transmitter 16 prior to 
?ring the next round of pulses. Thus, the phase aberration 
correction systemdescribed above can be used in both 
transmit and receive modes. 
The use of a cascading structure provides certain distinct 

advantages over the prior art systems. Most notably, local 
errors in the phase aberration delay estimation are not 
accumulated across the entire array, thus a local error in 
delay estimation cannot have a large effect on the focusing 
of the entire array. While an erroneous estimation between 
any two inputs to a processing module will degrade the 
output of that particular module, it will not degrade the 
output signals from any other modules within the same 
processing stage. Any such errors are most likely to occur in 
the ?rst stage of processing since its signal-to-noise ratio is 
lower than that of the subsequent stages. In the subsequent 
stages, the impact of an error on the ?nal image would be 
larger; however, the probability of such an error is lower 
since the signal-to-noise ratio is higher at these stages. 

It should be apparent that the particular embodiment of 
the processing modules 30 and cascading structure of FIG. 
3 is for exemplary purposes only. The actual number of 
inputs to each processing module and the total number of 
processing stages can be selected to achieve the most 
eifective balance between the processing speed, accuracy, 
robustness against noise, and cost. Moreover, the processing 
modules in the different ranks could have differing numbers 
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of inputs. For example, it may be desirable to have a greater 
number of inputs, such as ten, in the ?nal processing module 
303 in order to improve speckle correlation. As known in the 
art, the received speckle signals at two receive elements tend 
to decorrelate in proportion to the distance between the 
elements. 

In an embodiment of this invention, all acoustic transmit 
pulses are used to form an image. The same pulses are also 
used, simultaneously, to estimate the tissue aberration, and 
this estimation is taken into account when the image is 
formed. No pulses are dedicated to measurement of the 
tissue aberration, so this correction technique will not reduce 
the imaging rate of the scanner. 

In another embodiment, some acoustic transmit pulses are 
used to estimate the tissue aberration, and other pulses are 
used to form an image. This allows the adaptive phase delays 
and amplitude apodization to be processed centrally in order 
to remove artifacts such as steering components, and in 
order to impose continuity on adjacent beams in the image. 
Further, this allows the same corrections to be applied in 
transmit and receive modes. These enhancements will make 
the algorithm more robust. The disadvantage of this embodi 
ment is that the imaging rate of the scanner will be reduced, 
and the hardware will be more complex in order to support 
centralized control over the correction. 

The above method and apparatus for phase aberration 
correction is applicable to both real-time imaging and off 
line imaging with recorded image information. It should also 
be apparent that the method and apparatus of this application 
are not limited to processing of ultrasonic images, but would 
be equally applicable to other PASS imaging modalities, 
such as radar or sonar imaging. 
What is claimed is: 
1. A method of correcting for aberrations in transmission 

media within an ultrasonic imaging system utilizing an 
ultrasonic transducer array having a plurality of transducer 
elements, comprising the steps of: 

receiving a set of input signals comprising phased array 
echo signals corresponding to a region of interest 
within said transmission media from the ultrasonic 
transducer array wherein each one of said set of phased 
array echo signals corresponds to one of said plurality 
of transducer elements; 

dividing the set of input signals into a plurality of distinct 
processing groups within a parallel processing stage; 

estimating difference in phase between adjacent ones of 
the input signals within each respective one of the 
processing groups; 

matching the input signals based on the estimated diifer 
ence in phase between the adjacent ones of the input 
signals; 

summing the associated matched input signals to form a 
corrected beam signal from each respective one of the 
processing groups; and 

repeating sequentially said dividing, estimating, match 
ing, and summing steps utilizing the corrected beam 
signals as the input signals in at least one subsequent 
parallel processing stage until a single corrected beam 
signal remains. 

2. The method of claim 1, wherein said estimating step 
further comprises cross-correlating said adjacent ones of the 
input signals. 

3. The method of claim 1, wherein said matching step 
further comprises adding a variable delay to selective ones 
of the input signals following said estimating step. 

4. The method of claim 3, further comprising the step of 
apodizing amplitude of the input signals following the step 
of adding a variable delay. 
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5. The method of claim 4, wherein said apodizing step 

further comprises applying a ?xed apodization plus an 
adaptive apodization based on said estimated phase diifer 
ence. 

6. The method of claim 1, further comprising the step of 
correcting selective ones of the input signals by adding a 
predetermined focal delay prior to said estimating step. 

7. The method of claim 6, further comprising the step of 
low pass ?ltering the input signals following the correcting 
step. 

8. The method of claim 1, wherein the repeating step is 
repeated for at least two subsequent parallel processing 
stages. 

9. An imaging system, comprising: 
a transducer array having a plurality of transducer ele 

ments each being separately operable to provide a pulse 
in response to a driving signal and to provide a corre 
sponding return signal in response thereto; 

a transmitter coupled to said transducer array and being 
operable to provide said driving signal to each respec 
tive one of said transducer elements, the driving signals 
de?ning a steered beam of said transducer array; and 

a receiver coupled to said transducer array and being 
operable to receive said retum signal from each respec 
tive one of the transducer elements, said receiver 
including means for forming a single summed signal 
from the retum signals of the plurality of transducer 
elements, said forming means comprising a plurality of 
processing modules coupled in a cascading arrange 
ment having separate stages wherein a ?rst stage 
receives input signals comprising said return signals 
and at least one subsequent stage receives input signals 
comprising summed signals from said processing mod 
ules of a previous stage, each said processing module 
further comprising means for correcting for phase 
aberration between adjacent ones of said input signals. 

10. An imaging system, comprising: 
a transducer array having a plurality of transducer ele 

ments each being separately operable to provide a pulse 
in response to a driving signal and to provide a corre 
sponding return signal in response thereto; 

a transmitter coupled to said transducer array and being 
operable to provide said driving signal to each respec 
tive one of said transducer elements, the driving signals 
de?ning a steered beam of said transducer array; and 

a receiver coupled to said transducer array and being 
operable to receive said return signal from each respec 
tive one of the transducer elements, said receiver 
including means for forming a single summed signal 
from the return signals of the plurality of transducer 
elements, said forming means comprising a plurality of 
processing modules coupled in a cascading arrange 
ment having separate stages wherein a ?rst stage 
receives input signals comprising said return signals 
and at least one subsequent stage receives input signals 
comprising summed signals from said processing mod 
ules of a previous stage, wherein said processing mod 
ules each further comprises means for estimating phase 

- di?ference between adjacent ones of the input signals. 
11. The ultrasonic imaging system of claim 10, further 

comprising means for delaying selective ones of the input 
signals in accordance with said estimated phase difference. 

12. The ultrasonic imaging system of claim 11, further 
comprising means for summing the selectively delayed input 
signals. 

13. An ultrasonic imaging system, comprising: 
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a transducer array having a plurality of transducer ele 
ments each being separately operable to provide an 
ultrasonic pulse in response to a driving signal and to 
provide a corresponding echo signal in response to a 
received echo based on the ultrasonic pulse; 

a transmitter coupled to said transducer array and being 
operable to provide said driving signal to each respec 
tive one of said transducer elements, the driving signals 
de?ning a steered beam of said transducer array; and 

a receiver coupled to said transducer array and being 
operable to receive said echo signal from each respec 
tive one of the transducer elements, said receiver 
including means for forming a single summed signal 
from the echo signals of the plurality of transducer 
elements, said forming means comprising a plurality of 
processing modules coupled in a cascading arrange 
ment having separate stages such that a ?rst stage 
receives input signals comprising said echo signals and 
at least one subsequent stage receives input signals 
comprising summed signals from said processing mod 
ules of a previous stage, each said processing module 
further comprising means for correcting for phase 
aberration between adjacent ones of said input signals. 

14. The ultrasonic imaging system of claim 13, wherein 
said processing modules each further comprises means for 
phase matching adjacent ones of the input signals. 
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15. The ultrasonic imaging system of claim 14, wherein 

said processing modules each further comprise means for 
summing the phase matched input signals. 

16. The ultrasonic imaging system of claim 14, wherein 
said phase matching means further comprises means for 
delaying selective ones of the input signals. 

17. The ultrasonic imaging system of claim 14, wherein 
said phase matching means further comprises means for 
apodizing amplitude of the phase matched input signals. 

18. The ultrasonic imaging system of claim 17, wherein 
said apodizing means further comprises a ?xed apodization 
plus an adaptive apodization based on said estimated phase 
diiTerence. 

19. The ultrasonic imaging system of claim 17, wherein 
said phase matching means further comprises means for 
controlling extent of said amplitude apodization. 

20. The ultrasonic imaging system of claim 13, wherein 
said processing modules each further comprises means for 
selectively adding a predetermined focal delay to said input 
signals. 

21. The ultrasonic imaging system of claim 13, wherein 
said processing modules each further comprises means for 
?ltering said input signals. 

22. The ultrasonic imaging system of claim 13, wherein 
there are at least three of said processing stages. 


